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Abstract

A panel constructed from the Census Bureau’s Longitudinal Research Database is used to
measure total factor productivity growth at the plant-level and analyzes the multifactor bias of
technical change at three-digit product group level containing five different four-digit sub-group
categories for the U.S. dairy products industry from 1972 through 1995. In the TFP growth
decomposition, analyzing the growth and its components according to the quartile ranks show
that scale effect is the most significant element of TFP growth except the plants in the third
quartile rank where technical change dominates throughout the time periods. The exogenous
input bias results show that throughout the time periods, technical change is 1) capital-using; 2)
labor-using after 1980; 3) material-saving except 1981-1985 period; and, 4) energy-using except
1981-1985 and 1991-1995 periods. Plant productivity analysis indicate that less than 50% of the
plants in the dairy products industry stay in the same category, indicating considerable movement
between productivity rank categories. Investment analysis results indicate that plant-level
investments are quite lumpy since a relatively small percent of observations account for a
disproportionate share of overall investment. Productivity growth is found to be positively
correlated with recent investment spikes for plants with TFP ranking in the middle two quartiles
and uncorrelated with plants in the smallest and largest quartiles. Similarly, past TFP growth
rates present no significant correlation with future investment spikes for plants in any quartile.
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I. Introduction

A major branch of the productivity growth literature based on the aggregate total
factor productivity (TFP) growth applies the representative agent framework to sectoral
or industrial data. In these studies, productivity growth arises from the shift of the
production function common to all plants in the industry or sector through efficient
allocation of the factors of production, or through improvements in the quality of the
factors of production (Bartelsman and Dhrymes, 1998). However, recent studies find that
use of the representative agent framework with sectoral data leads to problems in
measuring aggregate total factor productivity. For example, Dhrymes (1991) and
Bartelsman and Dhrymes (1998) find that two-digit industry wide productivity, and its
growth over time, may be reduced considerably when the four-digit industry composition
of the sample is addressed. Hence, a disaggregated analysis can provide a more detailed
and revealing perspective of the dynamics of TFP growth when compared with the
aggregate level analysis of TFP growth.

The overall goal of this paper is to address the measurement and implications of
productivity growth when an individual plant is considered as a decision-making unit.
The paper analyzes the productivity patterns in the dairy products industry by focusing on
large manufacturing plants with the available establishment level data from 1972 through
1995. The model presents a theoretically consistent methodology in measuring total
factor productivity growth at the plant-level and analyzes the multifactor bias of technical
change in the dairy products industry. A Translog production function estimating the
fixed effects regression in the industry is used to calculate TFP growth. The industry

average TFP, scale effect, technical change effect and returns to scale are evaluated to



gauge the industry’s performance through time. The TFP growth of plants is ranked and
the corresponding components (technical change and scale effects) and returns to scale
are separated into quartile groups. The multifactor bias of technical change is
investigated using the marginal products as weights. The method to analyze the plant
level TFP growth enables the classification of the plants exhibiting varying levels of TFP
as well as the investigation of whether the productivity is growing over time.

Analyzing the productivity and technical changes for the dairy products sub-
industry in the U.S. Food and Kindred Product Industry presents an interesting case study
for the investigation of plant-level productivity dynamics associated with the food
industry characteristics. Similar analyses considering the meat products sub-industry
finds wide differences in productivity levels and industry characteristics (see Celikkol
and Stefanou, 2004). Therefore, an analysis focusing on the sub-industry level even
when each sub-group belongs to same two digit level aggregate industry shows very
different results in productivity growth measurements.

The U.S. dairy products sub-industry (along with the canned, frozen, preserved
fruits, vegetables sub-industry) has the second largest percentage of plants (13%) which
have survived through 1972-1995 based on the total number of plants among all food
manufacturing. Considering the balanced panel of all food plants, the dairy products sub-
industry is the fourth largest sub-industry among others based on the material expenditure
with 11.2% of total industry’s material expenditures. Dairy products sub-industry
account for 7.3% of total food and kindred products industry’s energy expenditure, 6.1%
of employment expenditures, 6.3% of combined machinery and building investment

expenditures as well as 6.1% of machinery investment expenditures and 7.2% of building



investment expenditures. The dairy products sub-industry’s total value of shipments is
the fifth largest with 9.3% of total food and kindred products industry’s total value of
shipments.

Over the last two decades across the food processing industry, the number of
establishments has declined with the dairy products sub-industry losing the most
establishments (approximately 190 establishments).! Mergers and acquisitions are also
seen in the dairy products sub-industry and concentration continues to increase. For
example, Harris (2002) reports that large dairy processing firms account for an increase
share of dairy sales and companies with $800 million or more in sales account for 69% of
U.S. dairy sales in 1998. Large U.S. dairy cooperatives gained market share from 17% in
1975 to 27% in 1998 relative to proprietary dairy companies, which experienced market
share growth from 39% to 42% over the same period.

Generally, plant-level studies analyzing the productivity dynamics in the literature
concentrate on the overall manufacturing plants in U.S. focusing mostly on the pooled
sample data analysis that primarily concentrates on the aggregate level. This paper
contributes to the literature taking the dairy products sector as case study analyzing the

productivity dynamics at the most disaggregated level.

I1. Nature and Significance of the Problem

! Harris (2002) reports that the number of food processing plants rose 5% from 1992 to 1997. However, it
is noted that this increase is observed in some selected industries where the small number of food
processors has increased such as small salsa makers.



Accurate measurement of productivity growth plays a critical role in contributing
to the future decision-making in industry and government policy-making strategies. In a
productivity growth analysis of a sector or an industry considering the individual plant as
a decision unit contributes to our understanding of productivity growth. The most
common method used in the literature is the representative agent framework, which has
been widely applied in various sectors and industries. Nevertheless, this approach has
some limiting assumptions such as frictionless adjustment in factor shocks, competitive
product and factor markets, and identical constant returns technologies at all plants.
Studies find that violations of any of these assumptions can lead to procyclical bias in
measured productivity growth and systematic under- or over-statements (see Nelson,
1981; Berndt and Fuss, 1986; Hall, 1988; Morrison, 1989). Improvements in the
exploitation of scale economies makes it difficult to distinguish the contributions of
productivity improvements common to all plants from the contributions of heterogeneity
effects which are attributed to entry, exit, diffusion, and plant-specific scale effects of
learning (Roberts and Tybout, 1996). Therefore, these issues can be addressed by
examining the plant-level data, which also provides a better understanding for the
aggregation problems in total productivity growth measurement. Analyzing productivity
growth at the plant level provides the flexibility to compare the behavior of each plant
throughout the time period as well as our understanding of the aggregate level of
productivity growth of the firms in the industry.

Empirical analysis of the productivity transition of plants employs the
Longitudinal Research Database in the U.S. Census Bureau containing the establishment-

level production data from the Annual Survey of Manufacturers and Census of



Manufacturers. This non-publicly available Census data is used in this study for
understanding the productivity patterns, analyzing the aggregation issue in the

productivity measurement and the performance of the industry micro-and macro-level.

Existing Economic Models

Better understanding of sector-wide performance can be realized by focusing on
the disaggregated plant-level dynamics of productivity. Studies focusing on the
theoretical frameworks of industry dynamics [i.e., Jovanovic (1982), Hopenhayn (1992),
Ericson and Pakes (1995)] try to explain how plants or firms in the industry with
differing productivities can exist, and why entry and exit can occur simultaneously.
Many micro-level empirical studies analyze the range of issues related to productivity
dynamics following the theoretical framework of industry dynamics developed by
Jovanovic, Hopenhayn, Ericson and Pakes [see Baily, Hulten and Campbell (1992),
Pakes and Ericson (1989), Olley and Pakes (1992), Hall and Mairesse (1995), Bahk and
Gort (1993), Dunne et al. (1989) and Baldwin and Gorecki (1991)].

Baily, Hulten and Campbell (1992) focus on the cross-sectional distribution in
productivity at the plant level in the manufacturing sector and discuss how changes in this
distribution along with changes in market shares influences aggregate productivity. Their
study shows that entry and exit play only a very small role in industry growth over five-
year periods and that increasing shares of output in high-productivity plants and
decreasing shares of output in low-productivity plants are important to the growth of

manufacturing productivity.



Bartelsman and Dhrymes (1998) analyze empirically the behavior of cross-
sectional distribution of productivity using several different methodologies to measure
TFP derived from production functions, Solow-residual and Corrected-Solow residual-
derived measure of TFP, and then compare their behavior over time using non-parametric
tools. They compare the average TFP, which has grown substantially over the time
period, with average plant level TFP, which has declined or remained flat. In contrast to
Baily, Hulten and Campbell (1992), they show how all their results vary by the method
used to measure TFP. They use transition matrices to examine the persistence of plant
productivity and they show that transition probabilities vary by industry, plant age, and
other characteristics. Although there are various studies documenting the plant-level
productivity transitions over time and investigating the heterogeneous plant level
characteristics in the productivity analysis [such as Bartelsman and Dhrymes (1998),
Baily, Hulten and Campbell (1992)], this paper differs from these studies by focusing on
the disaggregated industry sample design and emphases the detailed TFP growth analysis

via decomposing TFP growth by scale and technical change effects.

II1. Methodology

There are three static methodologies measuring productivity in the literature
which can be categorized into three approaches: i) index-number approach, ii) explicit
specification of a production function and direct linkage of productivity growth to the
parameters of this production function, and iii) the measurement of productivity based on

the cost function model. In this paper, explicit specification of a production function and



direct linkage of productivity growth to the parameters of this production function is
used.

Total factor productivity measurement has been widely used in the literature
starting from the early work of Solow (1957) known as “Solow residual.” Later, TFP is
calculated using the econometric approach. The econometric approach estimates the
underlying parameters based on production function. This involves the explicit
specification of a production function and the direct linkage of productivity growth to the

parameters of this production function. In general, production function is defined as

0,=F(X,,..X,,t). (1)
where ¢ denotes the time period, O, denotes output of plant i in period 7, and X, denotes
the level of inputs j of plant i , j=I1,...,n. Following the well-known approach of
decomposing TFP growth, totally differentiating (1) and dropping the subscripts i and ¢

yields:

dQ = F, dX +F,dt )

j=1

Dividing (2) through Q and df and rearranging the terms yields;
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where indicates proportional growth rates (1.e., 0= g) and A4 =—-represents the

proportional shift in the firm specific production function due to the exogenous technical

change. Then multiplying and dividing equation (4) through ZF v, X, leads to
Jj=1
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In the absence of prices, we can use the first order conditions of cost minimization where

w, =2—SF which also implies that total costs, C, can be expressed in terms of the

production function parameters

n
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The aggregate input term is defined
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where the marginal cost term, 2—;, cancels out. Using equation (7) in (5) leads to

proportional actual output growth being written as
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where Z ’Q F is the scale effect (input growth), A is the exogenous technological
j=1

change effect.

Total factor productivity growth (7FP) is defined as the residual growth in

output, not accounted for by the growth in inputs,

TFP=Q-F. (9)
Inserting equation (5) in equation (9) represents the total factor productivity growth

expressed in terms of the production function specification as

TFP=(c—1)Ft+ A= - X 1 o Fo X X + A 10
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Measuring Input Bias of Technical Change

The multifactor input bias measure are introduced by Binswanger (1974) using
the changes in factor cost shares attributed to technical change. Antle (1984) develops a

profit-based multifactor measure of biased technical change, which is equivalent to the



cost-share approach. Following the Antle (1984) multifactor measure of input bias,

F, X,
define the jth production elasticity share as ¢;,/& where ¢, = T

, Fy is the

marginal product of X, and &= zg ;- The impact of technical progress on input
j

decisions for factor j can be attributed to exogenous technical change, measured by
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The equation (11) indicates that exogenous technical change is biased towards the

j™ factor (capital, labor, material, energy) if B, is positive (factor using), is biased

against the j”factor if B . 1s negative (factor saving), and is neutral if B, is equal to

Z€ro.

IV. Empirical Model Specification and Estimation
The empirical estimation specifies a translog production function’.  The

dependent variable InQ, is the output of plant i at time ¢ and there are four inputs:

capital, labor, materials and energy. Production function is specified as

InQ, =a,+Y a,InX, +lzz% InX, InX, +,BOT+%,BIT2 +> B, InX, T (12)
J=1 Jj=1

Jj=1 s=1

* The translog production function is the best fitting functional form for this sub-industry where
the best functional form for the production function estimation chosen for the industry based on
the following criteria: positive marginal products, second order conditions satisfying the
appropriate curvature conditions, an average returns to scale with a reasonable range (e.g., 0.5-
1.5) and goodness-of-fit measurement. The translog production function is selected to be suitable
for the dairy products sub-industry with a 0.92 reasonable average returns to scale range and with
a 0.83 R? measurement. Further, the percentage of observations with positive marginal products
is 94% for K, 100% for both L and M, and 89% for E. The Hessian is negative semi-definite for
a considerable percentage of the plant observations.



where js =K,.LLME a, =a, j#s.

The problem of production function estimation with OLS is the potential
endogeneity of input decisions as well as output. If there is unobserved heterogeneity
across plants, the estimated coefficients from the regressions, which do not control fixed
effects, will be biased. If time-invariant plant characteristics exist then failing to control
for these characteristics when using pooled cross-section time series data will cause the
error term, the dependent variable, and possibly several explanatory variables to be
correlated over time. Therefore, plant-level fixed effects remove time-invariant
differences in mean productivity across plants. The regression with plant-level fixed
effects eliminates this potential source of bias.

While the balanced nature of the data set ensures the construction of capital stocks
for plants using the perpetual inventory method to investigate investment spikes and
lumpiness, it does not permit extensive modeling of the entry/exit process. The
immediate consequence is that the estimated capital elasticity will be biased downward in
accordance with the Olley and Pakes (1996) critique of the selectivity bias problem for
balance data set which ignores the plant entry and exit processes.

The estimated coefficients using the fixed-effect regression with 4-digit industry
dummies (4-digit composition of output) of the translog production function are used to
generate the scale and technical change effects. Table A.1 in the Appendix presents the

coefficient estimates, ¢-statistics, Breusch and Pagan Lagrange Multiplier test, Hausman



test and their p-values based on the best-fitting production technology for dairy products
sub-industry.?

Figure 1 presents the annual average TFP growth indicating that the dairy
products sub-industry follows a stable pattern around zero after 1979. Prior to 1979,
plant level productivity increases significantly. Most of the studies show that the path of
mean plant level productivity follows different productivity patterns once we consider the
individual sub-industries (such as the dairy products sub-industry in this case) separately
versus pooling all the industries into an entire single manufacturing industry.

We compare the TFP, which is predicted by scale and technical change

components using the production function estimation results, (& — 1)13“ + A, with the TFP

A

calculated using output growth (from the data) less aggregate input growth, Y-F, to
find whether the residuals are over- or under-estimated. Figure 2 presents the mean
residual graph for the dairy products sub-industry. The residuals are around zero after
1976 but TFP is underestimated in years 1973, 1974, 1975 and 1990*,

Table 2 presents an overview of productivity changes of the plants during the

period 1973-1995, summarizing the average TFP growth by periods in the dairy products

? Lagrange multiplier test for the random effect is applied to compare the OLS versus random
effect model estimations. The null hypothesis is rejected for the industry suggesting that the
classical regression model with single constant term is inappropriate and that the random effect
model is preferred. Hausman specification test which assesses the equality of the coefficients
estimated by the fixed- and random-effects estimators examines the appropriateness of the
random-effect estimator under the assumption of a correctly specified model. Hausman test’s
null hypothesis is that the difference in coefficients (fixed and random effect model’s
coefficients) is not systematic (or individual effects are uncorrelated). The result is to reject null
hypothesis. Based on these two tests, this study uses fixed effect regression in the production
function estimation.

* The residuals are usually around zero means that they are in the range of *5 percent deviation.

If the residuals are out of this range according to the sign, we signify TFP is under-estimated or
over-estimated.



sub-industry. The average plant-level TFP growth in this sub-industry indicates that TFP
growth is only positive with a 0.15% growth rate during the 1976-1980 period, averaging

-0.3% growth throughout the time periods’.

Table 2. Average TFP Growth without Ranking Plants in Dairy Products Sub-

Industry

Time Period Mean TFP Mean Scale Mean Technical | Mean Returns

Change to Scale
1973-1975 -0.00129 -0.00716 0.005854 0.90955
1976-1980 0.001454 -0.00397 0.005426 0.91817
1981-1985 -0.00079 -0.00248 0.001688 0.92562
1986-1990 -0.00459 -0.00125 -0.00335 0.9308
1991-1995 -0.00999 -0.00127 -0.00872 0.93482
1973-1995 -0.0032 -0.00289 -0.00031 0.92503

Additional Table Notes: In Appendix, Table A.2 shows the detailed un-weighted mean TFP
decomposition in each year.

TFP Decomposition According to Quartile Ranks

Similar to Dhrymes’s (1991) ranking procedure, this study applies the
contemporaneous rank procedure to TFP growth and its components to address plant-
level TFP growth in the dairy products sub-industry. After calculating TFP growth
corresponding to a given plant, plants are ranked according to the magnitudes of their
TFP in each year. Then plants are grouped according to these ranks by a quartile
sampling procedure with 0 reflecting the lowest quartile group and 3 denoting the highest

quartile. The analysis of the average TFP growth and its components (scale and technical

> Table A.2 in the Appendix indicates that the dairy products sub-industry follows an increasing
pattern prior to 1979, become stable during 1979-1989 and follows a declining pattern after 1986.
This can also be seen from the Figure 1 that there are three different stages for the dairy plants
and there exists considerable fluctuation in the TFP growth behavior of this sub-industry
throughout the time periods.



change effects) in each rank for the dairy products sub-industry are presented for the
following time periods: 1973-1975; 1976-1980; 1981-1985; 1986-1990; 1991-1995.
Table 3 presents average TFP growth and its components (scale and technical
change effects) for each rank with an average returns to scale during the five prescribed
time periods and indicates, on average, that the dairy products sub-industry follows
decreasing returns to scale in each rank, ranging from the 0.92-0.93. Average returns to
scale is calculated by finding the point estimates of the returns to scale for each plants
and grouping them according to their TFP quartiles and then taking the average of each

time period for each rank.

Table 3. Total Factor Productivity Growth Rankings and TFP Growth Components
through 1973-1995

TFP RANK 0
Time Period TFP Growth Scale Effect Technical Average Returns
Change Effect to Scale
1973-1975 -0.02758 -0.032 0.00442 0.90423
1976-1980 -0.01458 -0.01897 0.004385 0.91563
1981-1985 -0.01584 -0.01644 0.0006 0.92261
1986-1990 -0.01919 -0.01498 -0.00421 0.92763
1991-1995 -0.02266 -0.01315 -0.00952 0.93299
1973-1995 -0.01931 -0.01799 -0.00132 0.922043
TFP RANK 1
Time Period TFP Growth Scale Effect Technical Average Returns
Change Effect to Scale
1973-1975 -0.00201 -0.00738 0.00537 0.90825
1976-1980 -0.00029 -0.00469 0.004405 0.91834
1981-1985 -0.00283 -0.00406 0.001225 0.92662
1986-1990 -0.00679 -0.00313 -0.00366 0.93086
1991-1995 -0.01181 -0.0027 -0.00911 0.93722
1973-1995 -0.00498 -0.00413 -0.00085 0.925652
TFP RANK 2
Time Period TFP Growth Scale Effect Technical Average Returns
Change Effect to Scale
1973-1975 0.005388 -0.00129 0.006674 0.91124
1976-1980 0.005494 -0.00064 0.006136 0.91909
1981-1985 0.002179 -0.00025 0.002425 0.92812




1986-1990 -0.00259 0.000141 -0.00273 0.93294
1991-1995 -0.00793 0.000385 -0.00831 0.93577
1973-1995 0.00008 -0.00025 0.000331 0.926667
TFP RANK 3
Time Period TFP Growth Scale Effect Technical Average Returns
Change Effect to Scale
1973-1975 0.018844 0.01183 0.007014 0.91433
1976-1980 0.014999 0.008231 0.006768 0.91964
1981-1985 0.013139 0.010653 0.002486 0.92503
1986-1990 0.01018 0.012971 -0.00279 0.93173
1991-1995 0.002416 0.010342 -0.00793 0.93326
1973-1995 0.011313 0.010717 0.000597 0.92571

Additional Table Notes: This decomposition according to quartile ranks for each year can be seen
in Appendix, Tables A. 3a-A.3d.

Figure 3 presents the average productivity growth for each quartile group, the
lowest graph corresponds to the first quartile (rank 0), and the next corresponds the
second quartile (rank 1) and so on. In the dairy products sub-industry, the time profile of
productivity growth for all quartile groups indicates that plants in TFP ranks 1 and 2
generally follow a similar pattern with a small constant gap between each other
throughout the time period. Plants that are in the lowest and the highest growth
categories have considerable gaps compared to the other groups. The lowest ranked
plants try to close the gap between the other categories until 1977 and after 1977 the gap
between other groups of plants stay constant until the end of the period. The plants in
TFP rank 0 present the most fluctuating productivity growth rates during the period under
study.

Overall, there is a considerable gap between the TFP growth ranks, in particular
between the highest and the lowest TFP ranked plants. The TFP growth results in all
years, on average, show that the gaps between these TFP ranks are considerable. For
example, while the lowest ranked plants’ productivity growth averages —1.9%, the

highest ranked plants’ productivity growth averages 1.1%.




TFP growth components from Table 3 show that the scale effect has the most
significant contribution to the TFP growth measurement for the plants in the lowest rank
group (rank 0) and the highest rank group (rank 3) throughout the time period. The scale
effect is also dominating for the first three time periods of the plants in rank TFP 1 group.
The scale effect contributions to TFP measurement are in the negative direction for the
plants in ranks 0 and 1 and positive for the plants in rank 3. For the plants in TFP rank 1,
there is a significant technical change effect on TFP growth in the negative direction
between 1986-1995, even though the scale effect is the powerful component. For the
plants in TFP rank 2, the technical change effect presents the most significant
contribution to the TFP growth measurement and this contribution is positive up to 1985
and the negative thereafter (see figures 4-7). Plants in the lowest, middle and the highest
ranks extract scale efficiencies over technological progress to fuel TFP growth. For the
lowest TFP ranked plants, this suggests that these plants cannot afford to realize higher
productivity growth through technological adoption but they have the potential to

reorganize input allocations to achieve productivity growth.

V. Input Bias of Technical Change in Dairy Products Sub-industry

Table 4 summarizes exogenous input bias results (see figure 8) and shows that
technical change is biased toward the capital input in a declining magnitude from 21%
(from 1976-1980) to 5.2%, averaging 10.4% overall years. For the labor input, technical
change is biased toward the labor input after the 1976-1980 period in a fluctuating
magnitude, averaging 9.5%. For the material input, technical change is biased against the

materials input (except for 1981-1985) with a stable magnitude, averaging -0.18% over



all years. The direction of technical change fluctuates against the energy input during the

1981-1985 and 1991-1995 periods and towards the energy input in rest of the periods,

averaging —2.6% throughout the years.

Table 4. Multifactor Bias in Technical Change for Sub-Period Averages in Dairy
Products Sub-Industry

Time Period Mean Capital Mean Labor Mean Materials Mean Energy
Input Input Input Input

1973-1975 0.06057 -0.02009 -0.00791 0.12014
1976-1980 0.21315 -0.00208 -0.0023 0.06838
1981-1985 0.10833 0.13954 0.001561 -0.0787
1986-1990 0.06864 0.25623 -0.00174 0.01915
1991-1995 0.05163 0.05516 -0.00111 -0.20114
1973-1995 0.10393 0.09496 -0.00181 -0.02614

Additional Table Notes: This result is also presented for each year in the Appendix, Table A.4.

VI. Plant’s Size Effects to Productivity

Plants sizes are arranged into four categories with size A reflecting the smallest to

size D for the largest plants. The direct size effects on TFP growth analysis presented in

table 5 indicate that plants in the middle (size category B) and middle-larger (size

category C) size categories have the highest average growth rate, on average. In each

period, different size categories become effective with respect to their productivity levels

therefore, in overall, two middle size categories have the highest TFP growth.




Table 5. Direct Effect of Size Categories to Average TFP Growth

Time Period Size A Size B Size C Size D
(The Smallest) | (Middle) (Middle-Larger) | (The Largest)

1973-1975 0.000413 0.000255 -0.00058 -0.00514
1976-1980 -0.00045 0.001985 0.003255 0.00102
1981-1985 -0.00167 -0.00064 -0.00071 -0.00016
1986-1990 -0.00572 -0.00377 -0.00488 -0.00405
1991-1995 -0.01155 -0.00946 -0.00943 -0.00953
1973-1995 -0.00416 -0.00255 -0.00263 -0.00344

Additional Table Note: TFP decomposition by plant size categories over time periods is presented
in Appendix, Tables A.5a-A.5d.

Investigation of the technical change contribution on TFP growth across plant
sizes presented in tables A.5 in the Appendix indicates that on average the smallest sized
plants (size category A) have the highest technological change contribution on TFP
growth in a same (negative) direction with TFP throughout the time periods. But, sub-
period averages indicate that plants in the middle size category dominate based on their
technical change contribution to TFP during the 1973-75, 1986-1990 and 1991-1995

periods.

Secondary Decomposition of TFP Growth based on Size Categories
This section investigates the detailed decomposition of TFP growth with respect

to size groups. The different size groups are summarized in Table 6 for each TFP rank.



Table 6. Plant’s Size Categories Effect on Average TFP Growth according to
Productivity Rank Groups

TFP RANK 0
Time Period Size A Size B Size C Size D
(The Smallest) (Middle) (Middle-Larger) | (The
Largest)
1973-1975 -0.02316 -0.02141 -0.02562 -0.04119
1976-1980 -0.01525 -0.01528 -0.01157 -0.01649
1981-1985 -0.01320 -0.01405 -0.01393 -0.02250
1986-1990 -0.01543 -0.01868 -0.01889 -0.02345
1991-1995 -0.02335 -0.02338 -0.02330 -0.02066
1973-1995 -0.01763 -0.01831 -0.01805 -0.02344
TFP RANK 1
Time Period Size A Size B Size C Size D
(The Smallest) (Middle) (Middle-Larger) | (The
Largest)
1973-1975 -0.00217 -0.00200 -0.00208 -0.00181
1976-1980 -0.00018 -0.00013 -0.00050 -0.00033
1981-1985 -0.00328 -0.00273 -0.00262 -0.00275
1986-1990 -0.00709 -0.00669 -0.00645 -0.00697
1991-1995 -0.01173 -0.01189 -0.01167 -0.01195
1973-1995 -0.00512 -0.00492 -0.00489 -0.00502
TFP RANK 2
Time Period Size A Size B Size C Size D
(The Smallest) (Middle) (Middle-Larger) | (The
Largest)
1973-1975 0.005711 0.005197 0.005618 0.005085
1976-1980 0.005135 0.005519 0.005728 0.005574
1981-1985 0.002172 0.002202 0.002014 0.002326
1986-1990 -0.00269 -0.00254 -0.0026 -0.00252
1991-1995 -0.00797 -0.00795 -0.00805 -0.00775
1973-1995 1.56957E-05 7.6913E-05 9.95652E-05 0.000148
TFP RANK 3
Time Period Size A Size B Size C Size D
(The Smallest) (Middle) (Middle-Larger) | (The
Largest)
1973-1975 0.016295 0.018443 0.018450 0.021901
1976-1980 0.015776 0.013974 0.015194 0.015131
1981-1985 0.012236 0.010627 0.014442 0.015354
1986-1990 0.005502 0.006791 0.011565 0.017093
1991-1995 0.003766 0.001126 0.003276 0.001602
1973-1995 0.010230 0.009475 0.012075 0.013548

Additional Table Notes: TFP and Size decomposition categories over time periods is presented in
Appendix, Tables A.6a-A.6d.



The table shows that the smallest-sized plants (size category A) present the
highest average TFP growth for the lowest TFP rank (rank 0). In this rank category, on
average, plants in size categories A, B and C have a similar productivity growth rate
(approximately, -1.8%). However, in TFP ranks 1 and 2, plants in all different size
categories have very close productivity growth rates on average with a —0.5% and 0.01%
rate, respectively, suggesting there is no significant size effect. For the TFP Rank 3
category, plants in size category D with 1.4% productivity growth rate on average play a
dominant role compared to productivity growth rates in other size categories, indicating
the size effect is evident for the plants in TFP rank 3. In general, the size effect is
evident in all TFP ranks except in ranks 1 and 2 which present a robust productivity
across all size categories and with a significant productivity in size D category in TFP

rank 3 compared to the other size categories.

VI. Plant Productivity Transitions

This section analyzes plants’ productivity transitions between periods to assess
whether plants occupy a fixed rank with respect to their productivity levels or vary in
their productivity rankings. These matrices are constructed to address plant switching
behavior based on quartile ranks. The transition matrices are organized by assigning a
plant to a quartile group in the cross sectional distribution of TFP in each year based on
the value of its TFP measure and then tabulating the incidence of transition of plants from
quartile g(?) in a year t to quartile g(z+5) in year ¢+35; i.e., this is a 4x4 matrix with each
element presenting the proportion of plants making the transition from quartile i to

quartile j over a five period (i, j =0, 1, 2, 3 quartiles).



Table 7 presents number of times in plants’ productivity transitions and their
corresponding percentages in five-year periods from 1976 to 1991. Using the dummy
variable approach to capture the differences in the age of plants, we can only assign an
approximate age for the plants in our sample when comparing the plants which exist in
earlier years (1963 or 1967) to the plants already in existence in 1972. For example,
since LRD does not contain ASM panels prior to 1969, if a plant were not included in
1963 Census but were included in 1967, the plant could be anywhere from five to nine
years old in 1972. Therefore, the exact age cannot be constructed for the plants already
in existence in 1972. Similar to the Doms and Dunne (1994) approach, this study assigns
the dummy variables as follows: DA1: if plant exists in 1963, 9 years old plant when we
compare with year 1972; DA2: if plants exists in 1967, ranging potentially between 5 to 9
years old age); and, the remaining plants are born in 1972 (considered the youngest plants

in our sample period).

Table 7. Plant Productivity Quartile Category Switching Percentages

No Switching  Switching Once Switching Twice  Switching Three

Times
All Industry 0 0.19 0.41 0.39
Age 1 0 0.08 0.46 0.46
Age 2 0 0.13 0.53 033
Age 3 0 0.22 0.47 0.38

In the dairy products sub-industry, all of the plants change their productivity
growth ranking at least once. In all the age categories and the industry plants together, the
percentage of plants which are switching twice is high such that 41% of all plants pooled

together, 46% of the youngest plants, 53% of plants in age category 2 and 47% of the



oldest plants switch twice throughout the time periods, indicating considerable movement
in plants’ productivity categories for this sub-industry.

The following table presents the summary of plants’ productivity transitions
through the time periods in the dairy products sub-industry and the transition of plants’
productivity across age categories. Similar to Barteslman and Dhrymes (1998), these
transition tables present Gain to indicate productivity improvements by one or more
quartile ranks, Lose to indicate plants’ productivity transition downward by one or more
quartile ranks, and Stay to indicate plants remaining at the fixed rank throughout the

selected time period.

Table 8. Dairy Products Sub-Industry Plants’ Productivity Transition Behaviors in
overall and across Age Categories

1976 vs. 1981

Gain Lose Stay
Rank Rank Rank | Rank Rank Rank | Rank Rank Rank Rank

0 1 2 1 2 3 0 1 2 3

All 0.71 0.37 0.33 0.32 0.28 0.82 0.29 0.32 0.38 0.18

Industry

Age 1 0.89 0.14 0.60 0.57 0.40 1.00 0.11 0.29 0 0
Age 2 0.75 0.50 0.25 0.25 0 1.00 0.25 0.25 0.75 0

Age3 0.64 041 0.30 0.26 0.30 0.77 0.36 0.33 0.40 0.23

1981 vs. 1986

Gain Lose Stay
Rank Rank Rank | Rank Rank Rank | Rank Rank Rank Rank
0 1 2 1 2 3 0 1 2 3
All 0.74 0.54 0.18 0.21 0.51 0.86 0.26 0.23 0.31 0.14

Industry
Age 1 0.83 0.40 0.20 020  0.40 0.80 0.17 040 040 0.20
Age 2 0 0.33 0.43 0.67 0.29 0.67 1.00 0 0.29 0.33
Age 3 0.77  0.62 0.11 0.15 0.59 0.89 0.23 0.19 0.30  0.11

1986 vs. 1991

Gain Lose Stay

Rank Rank Rank | Rank Rank Rank | Rank Rank Rank Rank
0 1 2 1 2 3 0 1 2 3




All 0.74 0.58 0.16 0.18 0.58 0.71 0.26 0.24 0.26 0.29

Industry
Age 1 0.80 0.75 0 0 1.00 0.80 0.20 0.25 0 0.20
Age2 1.00 0 0 1.00 0.50 1.00 0 0 0.50 0

Age3 0.68  0.55 0.19 | 0.21 0.55  0.61 032 024 026 0.39
Additional Table Notes: These transition tables are presented in detail for each year considering
plants’ ranks across all industry and age categories in the Appendix, Tables A.7, A.8, A.9, A.10.

Table 8 presents that 71% of plants move up from rank 0, improving their
productivity from 1976 to 1981. During the same period, 37% of the plants in rank 1
improve their productivities and 32% of them drop in their productivity rank, 33% of
rank 2 plants improve and 28% of them drop in their productivity rank, and 82 % of rank
3 plants drop in their productivity rank.

During the time period 1981-1986, 74% of the plants in rank 0 improve their
productivity, and 54% of plants in rank 1 improve and 21% of the plants in rank 1 drop in
their productivity rank. For the plants in rank 2, 18% of them improve and 51% of them
drop in their productivity rank and 86% of plants in the rank 3 drop in their productivity
rank. Similarly, during the time period 1986-1991, 74% of the plants in rank 0 improve
their productivity, 58% of plants in rank 1 improve and 18% of rank 1 plants drop in,
16% of plants in rank 2 improve and 58% of them drop in their productivity ranks and
71% of plants in rank 3 plants drop in their productivity ranks. Other than 75% of plants
in age 2 and rank 2 from 1976 to 1981 and all of the plants in age 2 and rank 0 from 1981
to 1986, in no case do more than 50% of the plants stay in the same category, indicating
considerable movement between productivity rank categories for the plants in the dairy
products sub-industry.

The analysis of the plants in age category 1 shows that less than 50% of the plants

in all ranks and time periods stay in the same category. In particular, no plants in rank 2



and 3 during the 1976 to 1981 and rank 2 during the 1986 to 1991 stay in the same
category, indicating considerable movement in the youngest plants’ productivity ranks.
Plants in rank 3 present a significant productivity movement downward. In particular, all
of the plants in the 1976-1981 time period, 80% of the plants in the next time period, and
all of the plants in the 1986-1991 period move downward in their productivity rankings.
Similarly, all of the plants in rank 2 during the last period moved downward. In sum, the
youngest plants cannot sustain the highest ranks (TFP rank 3 and TFP rank 2 category
during the last period) and there is considerable movement in their productivity ranks.
The analysis of the plants which are in the age category 2 indicates that 75% of
the plants in rank 2 from 1976 to 1981, and all of the plants in rank 0 from 1981 to 1986
stay in their initial categories. We note that there is considerable movement in age
category 2 plants productivity ranks in rest of the time periods and ranks. For the plants
in the age category 3 groups, considerable movement across categories is observed. Less
than half of the plants stay in the same category, and most of the plants switch categories
throughout the time periods. Therefore, considerable productivity movement across age

and productivity groups is observed for the dairy products sub-industry.

VII. Lumpy Investment in Dairy Products Sub-Industry

This section focuses on the nature of lumpy investment at plant-level in the dairy
products sub-industry. The contribution of large investment events to aggregate
investments in the dairy products sub-industry over the 24-year sample period is
presented in Table 9 with the contribution of the ranked investment rates based on the

type of investments to cumulative aggregate investment. In Table 9, the sum of the



investment associated with each plant’s largest investment episode accounts for 78% of

cumulative aggregate machinery investment, 84% of cumulative aggregate buildings

investment, and 76% of the combined cumulative aggregate machinery and building

investments. Even in the very first investment year, each plant has already accounted for

more than 75% of cumulative aggregate investment.

Power’s (1994) study also found

that plants in the food industry completed nearly all intense periods of investment within

a year, with 70.3% of food plants have a one-year spike duration and 18% of plants have

a two-year spike duration. Power’s study also finds that the first year of her sample has

the highest percentage of observations which are investment spikes.

Table 9. Machinery, Buildings and Combined Investment Rate Analysis for each

Rank
Ranks Machinery Mean Buildings Mean Machinery Mean
Investment | Machinery | Investment | Buildings and Machinery
Fraction* | Investment** | Fraction | Investment | Buildings and
Investment | Buildings

Fraction | Investment

1 0.78367 18.7496 0.83582 14.8561 0.75604 14.8874
2 0.03604 0.8676 0.04232 0.7569 0.04262 0.8444
3 0.02679 0.6489 0.03034 0.546 0.03148 0.6276
4 0.02175 0.5269 0.02213 0.3504 0.02475 0.4935
5 0.01793 0.4344 0.01663 0.2042 0.02064 0.4115
6 0.01521 0.373 0.01235 0.2339 0.01739 0.3511
7 0.01309 0.3212 0.00917 0.1736 0.01479 0.2986
8 0.0113 0.279 0.00708 0.1109 0.01258 0.2556
9 0.00991 0.2447 0.0055 0.0777 0.01106 0.2248
10 0.00869 0.2145 0.00442 0.059 0.00964 0.1958
11 0.0078 0.1926 0.0034 0.0448 0.00837 0.17
12 0.007 0.1739 0.00269 0.049 0.00737 0.1506
13 0.00624 0.155 0.00213 0.028 0.00657 0.1343
14 0.00561 0.1394 0.00168 0.0212 0.00589 0.1205
15 0.00507 0.126 0.00132 0.0216 0.00525 0.1074
16 0.00463 0.115 0.00095 0.0131 0.00481 0.0984
17 0.00408 0.0948 0.0007 0.01 0.00433 0.0852
18 0.00362 0.091 0.00047 0.0096 0.00383 0.0788
19 0.00311 0.0705 0.00032 0.0061 0.00338 0.0666
20 0.00267 0.0642 0.00024 0.0082 0.00282 0.0555




21 0.00218 0.0531 0.00016 0.0055 0.00232 0.0465
22 0.00172 0.0403 0.00009 0.0058 0.00183 0.0358
23 0.00126 0.0358 0.00006 0.008 0.00141 0.0315
24 0.00062 0.0217 0.00001 0.0047 0.00081 0.0219

* Investment fractions for each rank is found as the sum of the investment associated with each
plants’ the highest (for rank 1), the second-highest (for rank 2), and so on, annual investment
episode divided by the sum of each plant’s total investment for the 24-year period (for example,
the highest rank represents the average plant experiences a one year investment episode that
accounts for 74% of its total investment spending over the 24 year interval).

** Mean Investment is calculated as: we rank investment rates for each plant from highest to
lowest, such as rank 1 show the highest investment rate and 24 is the lowest, then mean
investment rate shows the mean of these ranked investment rates so the rank 1 mean investment
rate is the highest mean investment rate, next one shows the means of secondary largest
investment rate, and so on.

There are two definitions to characterize lumpy investment spikes which are
commonly considered in previous plant-level investment studies such as Power (1994),
Cooper, Haltiwanger and Power (1999), and Nilsen and Schiantarelli (1998). The first
definition is an absolute spike definition where the investment rate is considered to be
lumpy if it exceeds a 20% change in the capital stock. As the previous studies indicate,
this percentage hurdle is considered to eliminate routine maintenance expenditures
implying that the lumpy investments are different from these expenditures. While this
percentage hurdle is somewhat arbitrary, studies find that the results are robust copared to
a variety of other definitions of investment spikes [Cooper et. al. (1999) and McClelland
(1997)].

The detailed study by Power (1994) describes the relative spike definition where
the plant’s investment is considered lumpy if it is large relative to that plant’s other
investments. She defines spikes as abnormally high investment episodes relative to the
typical investment rate experienced within a plant and considers various hurdles over the

median investment rates (such as 1.75, 2.5, 3.5 times of median investment rate) to reflect



abnormally high investment episodes.® 1In this study, two alternative definitions, the
absolute spike definition (20%) as well as the relative spike definition [2.5*(median
investment rate)] are used to characterize investment behavior in the dairy products
manufacturing plants.

Table 10 presents the percentage of observations in the dataset which are counted
as spikes and non-spikes and the contribution of investment spikes (and non-spikes) to
aggregate investments in the dairy products sub-industry according to the spike
definitions. The results from this table indicate that even though the percent of
observations which are lumpy investments are lower than the percentage of non-spike
investment observations across investment types and spike definitions, the percentage of
total sample investment accounted for by lumpy investments is significantly greater than
the percentage of total investment that is not lumpy. Based on these results plant level
investment is quite lumpy since a relatively small percentage of observations account for
a disproportionate share of overall investment. For example, 44% (20%) of the
observations are counted as machinery investment spikes, but these observations account
for 95% (88%) of aggregate investment according to the absolute (relative) spike

definition. A similar pattern is revealed across investment types and spike definitions.

6 Power (1994) indicates that absolute definition captures many smooth expansions which are
ignored by the relative definition, the relative definition captures many investments which are
large relative to the plants other investments, but not large in any absolute sense. An excellent
extensive investigation of these alternative specifications of investment spikes and the
comparisons can be found in Power (1994).



Table 10. Analysis of Investment Spike Characteristics in Dairy Products Sub-
Industry across Spike Definitions and Investment Types

Machinery Investment Rate

Spike Definitions*

Percent of
Observation in Data
set which are spikes

Number of
Observations which
are spikes and non-

Percent Total Sample
Investment Accounted
for by spikes and non-

and non-spikes spikes spikes
Absolute Spike 44 spike 1653 spike 95 spike
56 non-spike 2122 non-spike 5 non-spike
Relative Spike 20 spike 738 spike 88 spike

80 non-spike 3037 non-spike 12 non-spike

Buildings Investment Rate

Absolute Spike 25 spike 930 spike 96 spike

75 non-spike 2845 non-spike 4 non-spike
Relative Spike 37 spike 1401 spike 99 spike

63 non-spike 2374 non-spike 1 non-spike

Combined Machinery and Buildings Investment Rates

Absolute Spike 40 spike 1509 spike 94 spike
60 non-spike 2266 non-spike 6 non-spike
Relative Spike 21 spike 808 spike 88 spike

79 non-spike 2967 non-spike 12 non-spike

*Absolute spike defined as investment rate that exceeds 0.20 and Relative spike defined as
investment rate that exceeds [(2.5*median investment rate)].

** Percent of total sample investment accounted for by spikes is found by the ratio of investment
spikes to total investment.

Additional Table Notes: Time series results of the investment spike contributions to aggregate
investments and the fraction of plants that have lumpy investment episodes in each year presented
in the Appendix, Table A.11.’

Recent findings indicate that fluctuations in aggregate investments are closely
linked to the fraction of plants experiencing large investment episodes (Cooper,
Haltiwanger and Power, 1999). For the dairy products sub-industry, the time series

fluctuations and relative importance of large investment episodes are plotted in Figures 9-

7 These results indicate that, on average, plants with large machinery investment episodes
constitute 42% (19%) of the plants but account for, on average, 70% (35%) of the machinery
investment rate according to the absolute (relative) spike definition. Both lumpy and non-lumpy
investments are important components of investment. Similarly, on average, plants with large
buildings investment episodes constitute 24% (36%) of the plants but account for 73% (89%) of
the buildings investment, based on absolute (relative) spike definition. Large episodes for
combined machinery and buildings investments constitute, on average, 39% (21%) of plants and
account 66% (39%) of the machinery and buildings investment rate based on absolute (relative)
spike definition.




11 and present the time series fluctuations in the fraction of plants with investment rates
in excess of 20% of their contribution to aggregate investment.®* The pattern of aggregate
investment accounted by investment spikes closely follows the fraction of plants having
investment spikes.

The fraction of plants presenting large investment episodes and the amount of
investment accounted by such plants are positively correlated with the aggregate
investment for both spike definitions. The correlation between the aggregate machinery
investment rate and the fraction of plants with investment rates larger than [2.5*(medium
investment rate)] is 0.64. The correlation between the aggregate machinery investment
rate and the fraction of investment accounted for by plants with investment rates larger
than [2.5*(medium investment rate)] is 0.55. For buildings investment rate, these
correlations are 0.52 and 0.33, respectively; and, for machinery and buildings investment
together it is 0.62 and 0.52, respectively. For the absolute spike definition these
correlations are: for machinery 0.50 and 0.41, respectively; for buildings 0.57 and 0.38,
respectively; and, for machinery and buildings together 0.50 and 0.40, respectively. The
positive and strong correlations detected in machinery investment and machinery and
buildings investments together for the relative spike definition indicates that the
fluctuations in the aggregate investment are linked closely to the fraction of plants

. . . . 9
experiencing large investment episodes.

¥ Only the graphs based on the absolute spike definition is presented and the similar patterns that
are seen in the graphs based on relative spike definition.

? The correlation between aggregated investment rates, fraction of plants with investment rate and
investment accounted by these plants according to spike definitions are presented in the
Appendix, Tables A.12a and A.12b.



Table 11 presents the number of investment spikes per plant and percentage of
plants exhibiting investment spikes over the 24-year period to analyze the lumpy

structure of the dairy products sub-industry (see figures 12-13 in Appendix)."

Table 11. Number of Spikes and Percent of Plants in each Spike for Investment
Types and Spike Definitions

ABSOLUTE SPIKE DEFINITION RELATIVE SPIKE DEFINITION
Machinery | Buildings Machinery | Machinery | Buildings Machinery
Investment | Investment | and Investment | Investment | and
Buildings Buildings
Investment Investment

SPIKES Percent of | Percent of | Percent of | Percentof [ Percentof | Percentof
Plants Plants Plants Plants Plants Plants

0 98.77 98.77 98.77 98.77 98.77 98.77

1 0.61 1.23 1.23 1.23 0.61 0.61

2 1.23 4.29 0.61 491 0.61 6.14

3 0 7.98 0 14.11 3.07 7.36

4 0.61 13.50 1.84 28.83 3.07 20.25

5 0.61 21.47 2.45 28.22 491 25.15

6 3.07 17.79 3.07 17.79 12.88 27.61

7 7.36 18.41 11.66 10.43 11.04

8 9.20 6.14 14.11 15.95

9 22.09 19.02 12.88

10 14.11 20.25 9.20

11 11.66 7.98 9.82

12 11.04 9.20

13 7.36 491

14 6.14

Almost all of the plants (99%) have at least one year without a lumpy investment
episode. Based on absolute spike definition, outside of zero, machinery investment

spikes ranging from 1 to 14 accounts for 95% of plants indicating every plant has at least

' In this table, for each investment types there exist a low percentage of plants that has higher
than the reported spike numbers but we don’t report these numbers due to the confidentiality
reasons.




one spike in any given year out of the 24-year time period."' For those plants engaged in
lumpy investment ranging from 1-18 different years, the median numbers of lumpy
investment episodes are 6 and 15 times. Machinery investment spikes total 9-12 times
over the 24-year period and account for 59% of the plants.

For building investment spikes, outside of zero, the spikes range from 1 to 8 times
over the sample period and account for 91% of plants suggesting that 9% (at most) of the
plants never engage in lumpy investments. Of those plants engaged in lumpy
investments ranging from 1-14 times, the median number of lumpy investment episodes
are 2 and 10 times. Building investment spike episodes totaling 4-7 times over the 24-
year period account for 71% of the plants. For the combined machinery and building
investment spikes, outside of zero, spikes range from 1-13 times over the period,
accounting for 96% of plants. Of those plants engaged in lumpy investments ranging
from 1-17 times over the period, the median number of lumpy investment episodes is 5
times. The combined machinery and building investment spike episodes total 7-10 times
over the 24-year period, accounting for 65% of the plants.

Based on the relative spike definition, outside of zero, machinery investment
spikes range from 1 to 6 times over the sample period, accounting for 95% of plants,
suggesting that 5% (at most) of plants never engage in lumpy investments. Of those
plants engaged in lumpy investments ranging from 1 to 9 times over the sample period,

the median number of lumpy investment episodes is 2 times. Machinery investment

" The maximum number of spikes observed are 18(9) spikes for machinery investments, 14(16)
spikes for building investments, 17(10) spikes for the combined machinery and building
investments based on absolute (relative) spike definition. Due to the confidentiality reasons we
have only reported up to 14(6) spikes for machinery investments, 8(11) spikes for building
investments and 13(7) spikes for the combined machinery and building investments based on
absolute (relative) spike definition in Table 11.



spikes totaling 3-6 times over the 24-year period account for 89% of the plants. For
building investment spikes, outside of zero, the spikes ranging from 1 to 11 times and
account for 83% of plants suggesting that 17% (at most) of plants never engage in lumpy
investments. Of those plants engaged in lumpy investments ranging from 1-16 times
over the sample period, the median number of lumpy investment episodes are 12, 13 and
14 times. Building investment spike episodes, totaling 6-9 times over the 24-year period,
account for 52% of the plants. For the combined machinery and building investment
spikes, outside of zero, the spikes ranging from 1-7 accounts for 98% of plants. Of those
plants engaged in lumpy investments ranging from 1-10 times over the sample period, the
median number of lumpy investment episodes are 2 and 3 times. The combined
machinery and building investment spike episodes, totaling 4-7 times over the 24-year
period, account for 84% of the plants. The results, presented in table 12, also indicate
that there is a high correlation between the percent of plants that has various investment
rates across spike definitions.

Table 12. Correlation between Percent of Plants in each Number of Spikes for
Investment Types according to Absolute and Relative Spike Definitions

Percent of Plants for
Mach. Inv. Rate
According to Relative

Percent of Plants for
Bldg. Inv. Rate
According to Relative

Percent of Plants for
Mach. & Bldg. Inv.
Rate According to

Spike Definition Spike Definition Relative Spike
Definition
Percent of Plants for 0.8661 0.9788 0.9021
Mach. Inv. Rate
According to
Absolute Spike
Definition
Percent of Plants for 0.9644 0.9493 0.9836

Bldg. Inv. Rate
According to
Absolute Spike
Definition




Percent of Plants for
Mach. & Bldg. Inv.
Rate According to
Absolute Spike
Definition

0.8674

0.9818

0.8777

Table 13 presents the percentage of investment spike observations in each period

for various investment types and definitions and shows that for all spike definitions and

investment types, the first period, specifically the year 1972, has the highest fraction of

investments over the 24-year sample.

Table 13. Percentage of Observations, which are Investment Spikes by Periods for
Possible Investment Types and Spike Definitions

ABSOLUTE SPIKE DEFINITION RELATIVE SPIKE DEFINITION
Years in Fraction of | Fraction of | Fraction of | Fraction of | Fraction of | Fraction of
Periods Machinery Building Machinery | Machinery Building Machinery

Investment | Investments and Investment | Investments and

Spikes Spikes Building Spikes Spikes Building
Investments Investments
Spikes Spikes

1972-75 0.338777 0.36451 0.37045 0.61111 0.266952 0.59159
1976-80 0.255293 0.26883 0.2664 0.19784 0.246967 0.21411
1981-85 0.150635 0.15483 0.15176 0.09622 0.185582 0.10643
1986-90 0.132486 0.12152 0.11597 0.06912 0.16631 0.05941
1991-95 0.122807 0.09031 0.09543 0.02575 0.13419 0.02846

Additional Table Notes: Percentage of observations which are investment spikes based on
investment types and spike definitions are also represented for each year over the 24 year sample
period in the Appendix, Table A.13 and figures 14-15.

There is a positive and significant correlation between fractions of various

investment spikes across the two spike definitions during the specified time period (see

Table 14).




Table 14. Correlation between Percentage of Observations, Which are Investment
Investment Types according to Absolute and Relative Spike

Spikes by Year for

Definitions
Fraction of Mach. Inv. | Fraction of Bldg. Inv. | Fraction of Mach.&
Spikes According to Spikes According to Bldg. Inv. Spikes
Relative Spike Relative Spike According to Relative
Definition Definition Spike Definition

Fraction of Mach. Inv. | 0.9279 0.9442 0.9497

Spikes According to

Absolute Spike

Definition

Fraction of Bldg. Inv. | 0.9336 0.9839 0.9522

Spikes According to

Absolute Spike

Definition

Fraction of Mach. & 0.9301 0.9604 0.9546

Bldg. Inv. Spikes

According to

Absolute Spike

Definition

VIII. Lumpy Investment and Productivity Growth

An initial investigation into the relationship between lumpy investment and TFP
growth can draw on the results of Ericson and Pakes (1995) and Pakes and McGuire
(1994). Ericson and Pakes (1995) build a model to illustrate how TFP growth rates relate
to investment rates. In particular, both low and high TFP growth rates suggest periods of
low investment. The high mortality rates of new firms are associated with an initial
learning period where most perform poorly with low levels of investment after the initial
startup costs. There is a threshold of TFP growth rates when firms decrease their
investment after passing the threshold. Baumol and Wolfe (1983) arrive at similar results
as they explore the feedback effects of R&D investment and productivity growth rates

The relationship between R&D and investment spikes cannot be empirically

evaluated in this study. However, when R&D activity is associated with changes in how

a firm undertakes its production activities such changes can involve significant additions




and reorganizing of production processing and capacity which involves large changes in
capital stock. Some of these changes may involve doing the same thing more extensively
(i.e., extracting scale economies) and some of these changes may involve doing things
differently (i.e., introducing new equipment and processes).12 Initiatives to install
additional capital may arise from a need to enhance productivity growth. However,
productivity growth implies resource use decisions affecting the quantity of resources
available for new production planning, in particular, and activities, in general. Thus, it is
reasonable to consider the prospect that there is a simultaneous relationship between
productivity growth and investment spikes. Investment spikes soon stimulate rapid
growth of productivity in the sector when the spikes are associated with new
technologies. But that, in turn, raises the price of investment in production capacity (and
the productivity growth rate) and reduces the quantity of productive capacity demanded.
In the following period productivity growth is impeded permitting a reduction in the
productive capacity price stimulating demand for capacity-improving investment yet
again.

While this conceptual model is highly simplified it does point out some dynamic
disincentives of productive capacity investment. When productive capacity investment
succeeds in increasing productivity growth, it automatically increases its own relative

costs in comparison with production cost leading to a reduction in the financial incentive

"2 TFP can be decomposed into a scale effect and a technical change effect [as presented in (10)]. When an
investment spike takes place, it can either expand the current plant using the same technology (a scale
effect) or add new technology (the technical change effect). In the presence of decreasing returns to scale
(which we find for all four TFP growth quartiles), the scale effect associated an increase in input use
(capital in the case of an investment spike) leads to falling TFP. Finding a result where investment spikes
lead to an increase in TFP growth implies the presence of some positive technical change. On the other
hand, if investment spikes are negatively correlated with TFP growth, then the presence of decreasing
returns to scale suggests the investment was not introducing new technology but rather increasing the scale
of operations.



of this investment. Thus, the success of capacity-improving investment activity serves to
undermine its own demand. Unfortunately, the more impressive the record of past
success of capacity-improving investment activity the more strongly it tends to constrain
private demand for productive capacity.

Given both the demand and supply side arguments regarding investment spikes
and TFP growth rates, we investigate both impacts of investment spikes and TFP growth;
namely, current investment spikes lead to higher future TFP growth rates, and higher
current TFP growth rates impact the future investment spikes. We investigate two
correlations. The first is the three-year average TFP growth rate centered on time t
against the three-year average of the investment spikes centered on time t-2 (specifically,

TFP,

vinaen VS ISy 2y un ). The second is the three-year average TFP growth rate
centered on time t-2 against the three-year average of the investment spikes centered on t

(specifically, TFP(,_U,(z—z),(t—3)

V8. IS0 )P, We investigate these correlations
considering various group of plants based on their TFP rankings, such as the lowest TFP
ranked plants, middle ranged TFP ranked plants and the highest TFP ranked plants.
Additionally, we investigate the investment spikes considering the two spike definitions
(absolute and relative spikes) as well as different investment types (machinery, building
and combined machinery and buildings).

Our correlation results show that the correlation between the three-year average

TFP growth rate centered on time t and the three-year average of the investment spikes

centered on time t-2 (specifically, TFFP,,,, ., VS. 1S, 3 ) 18 high and positive for

1 We attempted two approaches to specify the three year average of investment spikes. The first approach
takes the three year average of the investment spikes during those periods. The second approach considers
investment spike as equal to 1 if there exist an investment spike in any of these periods, otherwise it is 0.
Our results are fairly robust based on these two alternative characterizations of average investment spikes.



the middle ranged TFP ranked plants while there is no correlation for the lowest and the
highest TFP ranked plants. This correlation is particularly high for the combined
machinery and buildings investments. This suggests strong evidence for the Ericson and
Pakes prediction.

Turning to the demand for investment spikes, the correlation between the three-
year average TFP growth rate centered on time t-2 and the three-year average of the

investment spikes centered on t (specifically, TFF, ), 5, 3

V8. IS .1y, 1) 18 positive
but not significant in magnitude for the middle ranged TFP ranked plants and no
correlation for the lowest and the highest ranked plants. This results hold for investment
spike definitions, absolute and relative, and for all investment types, machinery, buildings
and combined machinery and buildings. Therefore, for the middle ranked dairy products
manufacturing plants, investment spikes drive total factor productivity while there is no
such an evidence for the highest and the lowest ranked dairy manufacturing plants. We
have found similar result for the meat manufacturing plants (see Celikkol and Stefanou,
CES Working Paper).

Pakes and McGuire (1994) find that investment can raise the probability of
moving up in rankings. To investigate this issue, we look at the correlation between the
change in TFP rankings and investment spikes for each plant by year. Our results do not

show any significant correlation between the change in TFP rakings (plants’ moving up

in TFP rankings) and the investment spikes for the dairy products industry.

IX. Conclusions

The findings from this study are:



ii.

1il.

For the TFP growth decomposition, on average, the scale effect is the most
significant component of the TFP growth for the plants in TFP ranks 0, 1 and
3. The exogenous technical change effect has the most significant
contribution throughout the time periods for the plants in rank 2. Plants in the
lowest, middle and the highest ranks extract scale efficiencies over
technological progress. For the lowest TFP ranked plants, this situation
suggests that these plants cannot afford to realize higher productivity growth
through technological adoption but they have the potential to reorganize input

allocations to achieve productivity growth.

In the dairy products sub-industry, exogenous input bias results suggest that
technical change is biased toward the capital input and toward the labor input
after the 1976-1980 period. For the material input, technical change is biased
against the material input except the 1981-1985 period. The direction of
technical change is biased against the energy input during the 1981-1985 and
1991-1995 periods and toward the energy input during the remaining periods,

averaging —2.6% throughout the years.

The time profile of productivity growth in the dairy products sub-industry for
all quartile groups indicates that plants in the TFP ranks 1 and 2 follow one
another closely with a small persistent gap throughout the period of study.
Plants in the lowest and the highest TFP growth categories present a

significant gap. The lowest ranked plants close the gap between the other



1v.

categories until 1977 and gaps between other categories remain constant after
1977 until the end of the period. Plants in the lowest TFP rank have the most
fluctuating productivity growth patterns. Overall, there is a gap among all the
TFP growth ranks; in particular, between the highest and the lowest TFP
ranked plants. For example, while the lowest ranked plants’ productivity
growth averaged —1.9%, the highest ranked plants’ productivity growth

averages 1.1% over the time period of this study.

In the analysis of the size effect on productivity growth, plants in the middle
(size category B) and middle-larger (size category C) size categories, present
the highest average growth rate, on average. In each period different size
categories become effective with respect to their productivity levels. Overall,
the middle and middle-larger size categories present the highest TFP growth.
Investigation of the technical change contribution to TFP growth across plant
sizes indicates that, on average, the smallest-sized plants (size category A)
have the highest technological change contribution on TFP growth in a same
direction with TFP throughout the time periods. But, based on the period
averages, plants in middle size category present the technical change as the
dominating contribution to TFP during the 1973-75, 1986-1990 and 1991-

1995 periods.

The analysis investigating the number of times that plants change their

productivity rankings shows that all of the plants change their productivity at



V.

least once in the dairy products sub-industry. Considering all the age
categories and the industry plants together indicate considerable movement in

plants’ productivity categories for this sub-industry.

Plant productivity transition tables show that in the dairy products sub-
industry, generally no more than 50% of the plants stay in the same category.
This indicates considerable movement between productivity rank categories
for this sub-industry. The transition results based on the youngest age
category indicate that less than 50% of the plants in all ranks and time periods
stay in the same category indicating there is considerable movement in the
youngest plants’ productivity ranking. The results also indicate that the
youngest plants cannot sustain the highest TFP rank (rank 3 and rank 2
category during the last period). The transition analysis for the middle-aged
plants indicates that 75% of the plants in rank 2 during the 1976-1981 time
period, all of the plants in rank 0 during the 1981-1986 time period stay in
their initial categories except for the variation observed for remaining periods
and various productivity ranks. For the plants in the oldest age group,
considerable movement across TFP categories is observed. Less than half of
the plants stay in the same category, and most of the plants switch categories
throughout the time periods. Therefore, considerable productivity movement

across age and productivity groups is observed for this sub-industry.



Vii.

Viil.

IX.

Each plant has already accounted for more than 75% of cumulative aggregate
investment in the first investment year, 1972. As the industry exhibits a
considerable number of lumpy investment episodes dominating much of the

investments, it continues to present non-lumpy investment as well.

The Investment analysis results strongly suggests that plant-level investments
are quite lumpy with a relatively small percent of observations accounting for
a disproportionate share of overall investment. A similar characteristic of
investment spikes is seen across spike definitions and investment types in the
dairy products sub-industry. This finding is also clearly detected from annual
contributions of the investment spikes to aggregate investments and the
fraction of plants presenting lumpy investment episodes in each year.
Therefore, both lumpy and non-lumpy investments are important components

of investment for this industry.

Initial investigation of the impacts of investment spikes and TFP growth finds
that current investment spikes lead to higher future TFP growth rates, and
higher current TFP growth rates do not significantly impact the future

investment spikes show for any quartile.
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APPENDIX

Table A. 1 Translog Production Function Estimation Using Fixed Effect Regression
with 4-digit Industry Dummies for Dairy Products Industry*

Variables 202 Sub-Industry
Constant -

Log(K) -0.03777 (-0.99)
Log(L) 0.59952 (6.35)
Log(M) 0.49949 (6.12)
Log(E) 0.00141 (0.02)
T 0.00101 (0.14)
[Log(K)]? 0.00014 (0.03)
Log(K)*Log(L) 0.00149 (0.26)
Log(K)*Log(M) -0.00345 (-0.65)
Log(K)*Log(E) 0.00968 (1.65)
[Log(L)]? 0.05754 (3.37)
Log(L)*Log(M) -0.06603 (-4.99)
Log(L)*Log(E) -0.01765 (-1.58)
[Log(M)]z 0.04581 (4.006)
Log(M)*Log(E) 0.02506 (2.35)
[Log(E)] -0.03029 (-2.71)
Log(K)*T 0.00397 (4.59)
Log(L)*T -0.00088 (-0.87)
Log(M)*T -0.00002 (-0.02)
Log(E)*T -0.00202 (-1.85)
T2 -0.00116 (-5.88)
R-squared 0.83

Hausman Specification Test y° 210.81  [0.0000]

Breusch and Pagan LM Test y° 6062.57 [0.0000]
N 3748

* T-statistics in parentheses, p-values in brackets



Table A.2 Average TFP Growth without Ranking Plants for every year in Dairy
Products Sub-Industry

Years Mean TFP Mean Scale Mean Technical | Mean Returns
Change to Scale
1973 -0.007417 -0.01206 0.004701 0.90534
1974 -0.000382 -0.00681 0.006382 0.9106
1975 0.003919 -0.00262 0.00648 0.91271
1976 -0.00178 -0.00817 0.006391 0.91429
1977 0.001614 -0.00426 0.005871 0.91575
1978 0.002113 -0.00339 0.005501 0.91796
1979 0.003664 -0.00137 0.005029 0.92077
1980 0.001658 -0.00268 0.004336 0.92209
1981 0.000016 -0.0034 0.003417 0.922
1982 0.001319 -0.00151 0.002825 0.92523
1983 -0.001112 -0.00274 0.001624 0.92475
1984 0.001163 0.000339 0.000823 0.92762
1985 -0.005358 -0.00511 -0.00025 0.9285
1986 0.000483 0.001902 -0.00143 0.92831
1987 -0.005249 -0.00298 -0.00228 0.93009
1988 -0.004938 -0.00156 -0.00338 0.9307
1989 -0.005368 -0.00107 -0.00429 0.93224
1990 -0.007894 -0.00255 -0.00535 0.93264
1991 -0.008435 -0.00203 -0.00641 0.93376
1992 -0.009207 -0.00162 -0.00759 0.9331
1993 -0.009163 -0.00041 -0.00875 0.93467
1994 -0.010855 -0.00094 -0.00992 0.93548
1995 -0.012292 -0.00138 -0.01091 0.93708




Table A.3a TFP Decomposition for Rank 0 in each Year

Years TFP Growth Scale Effect Technical Average
Change Effect Returns to
Scale
1973 -0.042079 -0.04603 0.003952 0.89795
1974 -0.024657 -0.02985 0.005192 0.90255
1975 -0.016002 -0.02012 0.004116 0.9122
1976 -0.022429 -0.02799 0.005558 0.91048
1977 -0.014402 -0.01851 0.004107 0.91349
1978 -0.013523 -0.01892 0.005393 0.914
1979 -0.010259 -0.01399 0.003734 0.92067
1980 -0.012308 -0.01544 0.003131 0.91949
1981 -0.014491 -0.01691 0.00242 0.91967
1982 -0.01425 -0.01575 0.001497 0.92284
1983 -0.016484 -0.01657 0.000088 0.92014
1984 -0.011494 -0.01131 -0.00019 0.9247
1985 -0.022494 -0.02168 -0.00082 0.92573
1986 -0.017414 -0.01524 -0.00218 0.92487
1987 -0.022584 -0.01926 -0.00332 0.92682
1988 -0.015206 -0.01091 -0.0043 0.92903
1989 -0.017878 -0.01281 -0.00507 0.9286
1990 -0.022847 -0.0